Dysplasia of the hip is the most common cause of secondary osteoarthritis (OA). Options for treatment in adolescents and adults include repositioning of the acetabulum to correct maldirection [1] [2] [3] in order to improve containment of the femoral head 2, 4 and to prevent the early onset of secondary OA. [1] [2] [3] [4] [5] [6] [7] [8] The techniques employed include triple osteotomy of the innominate bone, periacetabular osteotomy, 1 polygonal osteotomy 10 and spherical acetabular osteotomy. The last was introduced in France by Blavier and Blavier, 11 in
Germany by Wagner, 7 in Japan by Ninomiya and Tagawa 12 and in the USA by Eppright.
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Favourable short-and medium-term results have been achieved using osteotomy to reorientate the acetabulum, but there are few long-term follow-up studies of larger numbers of patients. 13, 14 Our aim was to determine if spherical osteotomy provides clinical and radiological improvement over a long period of time.
Patients and Methods
Between 1972 and May 1987, the senior author (DH) performed spherical acetabular osteotomy on 50 hips with residual dysplasia. There were six men and 28 women with a mean age of 25 years (12 to 50). A total of 38 hips was followed up for a mean of 17 years (10 to 25). For Wagner osteotomy (Fig. 1 ) the iliofemoral approach was used. Type-I osteotomy provides only anterolateral shift of the acetabulum while type-II can reduce the proximal femoral subluxation. Before operation, we obtained radiographs with the hip in abduction and adduction to decide whether a concomitant intertrochanteric femoral osteotomy should be performed. Operative technique. For type-I osteotomy a hemispherical bowl is cut in the pelvic isthmus down to the obturator foramen and the 'teardrop' parallel to the articular space using a special spoon-shaped chisel, available in different radii (Fig. 1a) . The position of the chisel is controlled using an image intensifier. To avoid bone necrosis and chondrolysis it is necessary to remain comfortably extra-articular, leaving a layer of bone at least 10 to 15 mm thick. 7 The loosened acetabulum is then redirected anterolaterally over the femoral head (Fig. 1b) . In the type-II procedure a corticocancellous wedge is inserted into the lateral part of the osteotomy to move the acetabulum caudally (Fig. 1c) . When intertrochanteric osteotomy is to be added, a lateral approach is made to the upper femur. A medial-or lateral-based wedge is removed proximal to the lesser trochanter. The size of the wedge varies according to the degree of correction required and osteosynthesis is achieved using a 90° blade plate. Clinical and radiological assessment. The clinical outcome was judged using the Harris hip score (HHS). 15 Radiological analysis included measurement of the centreedge (CE) angle of Wiberg 16 Table I . We performed six Wagner type-I and 32 type-II osteotomies. Internal fixation of the acetabulum with a modified two-hole plate was used in 30 patients and with two Kirschner wires or cancellous screws in eight. Additional surgery to the trochanteric region of the femur was carried out in 19 (50%). Coxa valga in six hips was corrected by varus osteotomy, and in ten patients with anteversion as well, derotation was added to the varus osteotomy. In three patients valgus osteotomy improved congruity (Table II) . After operation active flexion and abduction of the hip were forbidden during the first six weeks. Only partial weightbearing was allowed until bone healing was apparent on radiographs at 12 to 16 weeks.
The internal fixation was removed in 30 patients at a mean of 25 months after operation.
Thrombosis of the deep femoral vein occurred in two patients. Two patients required evacuation of postoperative haematomata and in two others muscle detachments were repaired. Deep-tissue infection occurred in one patient and palsy of the femoral cutaneous nerve in two. One transient irritation of the sciatic nerve was recorded. In two cases the osteotome entered the joint. One of these progressed to severe arthritis within six years and had poor function and a destroyed joint when seen after 12 years. The other showed no progression of arthritis after ten years. The osteotome had entered the joint medially, away from the weight-bearing zone.
Results
Before operation, 21 patients (55%) complained of pain in the groin worsening during exercise; 16 (42%) had frequent pain even at rest and limped as they walked. At the time of follow-up 29 patients (75%) said they were satisfied or very satisfied with the result of the osteotomy. Before operation, 17 patients (45%) had shown good or excellent function (HHS >80 points) compared with 21 (55%) at the time of follow-up. Patients who also had a valgus osteotomy had worse function before operation (Table II) follow-up, the clinical status (HHS, pain, function) showed no marked difference when patients were categorised according to the severity of dysplasia (Fig. 2) . After operation eight patients (21%) deteriorated (HHS <70); those with a poor functional result (5 cases, 13%) showed limited flexion (<90°) and abduction (<15°). Lateral coverage of the femoral head was improved from a mean preoperative CE angle of -3° to a postoperative value of +15° (Table II) . The mean anterior coverage (ACE angle) measured 23° after operation (-1 to 62); unfortunately no profile views had been performed preoperatively. Acetabular roof obliquity was reduced from a mean AC angle of 28° (8 to 62) to a postoperative value of 16° (0 to 37). The best correction of the AC angle achieved was 42°. Most of our patients (67%) showed a normal or slightly abnormal AC angle after operation and 70% had a normal AHI. At the time of surgery, 30 hips showed no or minimal signs of OA. At follow-up, 23 hips (60%) had not developed signs of degenerative disease. Regeneration of cartilage with improvement of the stage of arthritis was seen in one patient (3%) ten years after osteotomy. Development of secondary stage-III or stage-IV arthritis was noted in 14 hips (37%) despite the osteotomy. One had a total hip replacement 14 years after the osteotomy and another had developed postoperative deep-tissue-infection; five joints had not been corrected sufficiently. The remaining seven developed severe arthritis after a mean follow-up of 17 years even although the desired correction had been achieved initially. Two illustrative case reports are given in Figures 3 and 4 . 
Discussion
Residual acetabular dysplasia is defined as a developmental disorder in skeletally mature patients resulting from damage during the growth period. 3, 7, 8 There is deficiency of lateral and anterior coverage of the femoral head and a shallow, steep and short acetabular roof. Reduction of the effective weight-bearing surface increases the load per unit area of articular cartilage. In dysplastic joints the shearing force moves the femoral head forwards, upwards and laterally. 4, 6, 21 This results in subluxation with a stress-related tear of the acetabular labrum.
3,22
The ideal case for spherical acetabular osteotomy is a young patient with potential for bone remodelling. 23 Clinical function is not impaired and radiological investigation shows a short congruent hip with a physiologically-shaped femoral neck and no signs of OA. 7, 8 Coxa valga may demand an additional varus osteotomy. This decreases the high joint pressure induced by muscle force. 8 Incongruent joints may require valgus osteotomy together with acetabular redirection. 4, 8 Contraindications to spherical osteotomy include severe deformity of the femoral head, a preoperative CE angle of less than -40° and an AC angle of more than 60°. 24 Hazards to be avoided in spherical acetabular osteotomy are entering the joint with the osteotome, particularly within the weight-bearing area, and transposing the acetabulum with only a thin subchondral layer of bone. Medium-term follow-up 12, 23, 26 shows good functional results. In our long-term study, 53% of patients achieved an HHS of at least 80. Typical functional restrictions included limited hip flexion associated with heterotopic ossification and abductor weakness which may be attributed to the lengthened lever arm after varus osteotomy. Periacetabular and Tagawa osteotomies partially correct this by medial displacement of the centre of rotation. Wagner type-II osteotomy (Fig. 1) shifts the acetabulum caudally and compensates for shortening of the leg caused by varus osteotomy.
14,27 Surgical redirection should aim to reach CE and ACE angles of at least +20°. 2 In a congruent joint with a horizontal weight-bearing surface a CE angle of 15° or more gives a good result when additional varus osteotomy is performed. 8 Murphy, Ganz and Mueller 28 studied cases of untreated residual dysplasia. All of their patients who did not develop secondary OA had CE angles of more than 16°, AC angles greater than 15° and an AHI in excess of 69%. Spherical osteotomy achieves these values. 12, 13, 25, 29 Less radical redirection in our early cases accounts for the comparatively low values for correction as shown by the CE and AC angles (Table III) . In our patients progression of OA was prevented in 63% after a mean follow-up of 17 years. This compares well with other series (Table IV) in which 79% had no signs of OA after 11 years 13 and 71% after eight years. 24 Trousdale et al 30 reported excellent short-term results after Bernese periacetabular osteotomy. After four years only one of 33 patients progressed to arthritis. Use of the triple osteotomy according to Tönnis et al 31 avoided worsening of arthritis in 85% of 216 cases followed for a mean of eight years. The surgical procedure is technically demanding and may have severe complications. Nevertheless, our results show that spherical acetabular osteotomy can slow the progression of secondary OA in most patients with residual dysplasia of the hip over a long period of time.
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